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Subfascial endoscopic perforator ligation: 
An analysis of early clinical outcomes 
and cost 
Mark D. Iafrati, MD, Haro ld  J. Welch, MD, and Thomas F. O'Donnel l ,  Jr., MD, 
Boston, Mass. 
Purpose: Early results of subfascial endoscopic perforator surgery (SEPS) were xamined. 
Data on ulcer healing, complications, and costs are presented. 
Methods: Data were prospectively collected for all patients who tmderwent SEPS at our 
institution. A concurrent control group was not available because primary open perfora- 
tor ligation is no longer performed at our hospital. Preoperative assessment included 
duplex scanning (valve closure times and perforator mapping), plethysmography, and 
phlebography. Completeness of therapy was assessed with postoperative duplex mapping 
of perforating veins. Clinical status was monitored after surgery, and actual costs, 
including equipment, personnel, and facilities management, are reported. 
Results: Eighteen procedures were performed in 15 patients (mean age, 52 years; range, 
42 to 65 years). Two patients underwent bilateral SEPS, and one patient underwent a
second procedure on the same leg. Active ulceration (class 6) was present in 14 of 18 
limbs (78%), recently healed ulcers (class 5) in two of 18 (11%), and lipodermatosderosis 
with edema (class 4) in two. Deep venous insufficiency was present in 14 of 18 (78%). The 
number of perforating veins ligated per leg ranged from 0 to 12 (mean, 4.3). Follow-up 
ranged from 3 to 64 weeks (mean, 22 weeks). Complete ulcer healing occurred in eight of 
14 limbs (57%) at a mean of 14 weeks. Reduction in ulcer size was noted in four of 14 
(29%), and two limbs were not improved. There were no new ulcers. Residual perforating 
veins were noted in four of 18 limbs. None of the limbs with residual perforating veins 
had complete healing of ulceration. Operating room costs were higher than those 
associated with limited-incision open perforator ligation ($2570 vs $1883). 
Conclusion: These preliminary data suggest that when used as part of a treatment plan to 
correct deep and superficial venous insufficiency SEPS results in a high rate of wound 
healing, with no recurrent ulceration in this series. Increased operating room costs 
associated with longer operations and greater disposable xpenses will likely be overcome 
by shortened length of stay and diminished wound complications. These findings empha- 
size the importance of ligating all incompetent perforating veins, as ulcer healing was 
never achieved when residual perforating veins were found at follow-up. (J Vase Surg 
1997;25:995-1001.) 
Chronic venous insufficiency (CVI) is a wide- 
spread, though often underestimated, problem. Ap- 
proximately 0.5% of the populations of the United 
States and the United Kingdom have CVI, 1 with an 
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estimated loss of 2 million workdays per year in the 
United States) At the turn of this century, John 
Homans elegantly described the pathophysiologic 
interaction of the deep, superficial, and communicat- 
ing venous systems. 3 Later, Robert Linton empha- 
sized the significance of  incompetent perforating 
veins and developed a technique for perforator liga- 
tion using a long medial calf incision. 4Despite abun- 
dant evidence of the pivotal role of  incompetent 
perforating veins in symptomatic CVI 5,6 and refine- 
ments of the open technique, 7 wound breakdown 
and patient disability has limited the acceptance of  
perforator ligation. 
In recent years, endoscopic techniques for perfo- 
rator ligation have been developed, s-n Using video- 
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Fig. 1. Leg position for SEPS. Lower leg is elevated parallel to the table using a padded stand 
at the ankle and a stack of towels behind the knee. 10 mm trocar is used for the endoscope, and 
a 5 mm port is placed 5 cm lateral and distal to accommodate the working instruments. Adapted 
from Iafrati MD, O'Donnell TF Jr. Subfascial dissection and perforating vein ablation. In: 
Gloviczki P, Bergan JJ, editors. Atlas of endoscopic perforator vein surgery. In press. 
scopes, these less-invasive approaches use incisions in 
the upper calf to gain access to lower calf perforating 
veins, thereby avoiding incisions in the underprivi- 
leged or lipodermatosclerotic ssues to minimize 
wound complications. Subfascial endoscopic perfora- 
tor surgery (SEPS) has been shown to be technically 
feasible with minimal perioperative morbidity and 
short hospital stays; however, the long-term results 
are not yet known.  1°A1 
The current study was undertaken to assess the 
early results of SEPS in terms of ulcer healing and 
recurrence and, in particular, to evaluate the neces- 
sity for complete perforator ligation. In addition, 
cost data were analyzed and compared with those of 
a cohort of patients who underwent open perforator 
ligation at our institution before the introduction of 
SEPS. 
PATIENTS AND METHODS 
Patients. Between December 1994 and August 
1996 we performed endoscopic subfascial ligation of 
perforating veins on 18 limbs in 15 patients. Two 
patients underwent bilateral operations, and one pro- 
cedure was redone for missed perforating veins. De- 
mographic, physical examination, and vascular labo- 
ratory data were prospectively collected for all 
patients. There were seven women and eight men. 
The mean patient age was 52 years (range, 42 to 65 
years). Patients were classified according to the cur- 
rent reporting standards. 12Active ulceration (class 6) 
was present in 14 of 18 limbs (78%) at the time of 
operation. In these cases the ulcer had been present 
for at least 6 months despite conservative manage- 
ment, including leg elevation, compression stock- 
ings, and antibiotics. Two limbs had recently healed 
ulcers (class 5), and two had edema, pain, and lipo- 
dermatosclerosis without ulceration (class 4). The 
group as a whole reported evidence of CVI for a 
mean of 12 years (range, 6 to 25 years). Nine limbs 
had undergone previous ligation or stripping of the 
greater saphenous vein, and five had undergone prior 
perforato r ligation. 
Preoperative valuation included a detailed his- 
tory and physical examination i all cases. Assessment 
of deep and superficial venous incompetence was 
made with a combination of plethysmography 13 (14 
limbs; venous filling index (VFI); normal < 2), du- 
plex-derived valve closure times 14 (10 limbs; normal 
< 1.0 sec), and phlebography (13 limbs). Phlebog- 
raphy was considered the gold standard. Incompe- 
tent perforating veins were mapped before surgery 
with duplex ultrasound in all patients. 
Surgical technique. After establishing eneral 
(n = 14) or spinal anesthesia (n = 3), the affected 
limb is prepared from groin to ankle in a sterile 
fashion. A single dose of heparin and antibiotics are 
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Fig. 2. Cross-section of calf demonstrates he SEPS dissection plane in the superficial posterior 
compartment. The posterior tibial neurovascular bundle (PTA+ V s) is depicted, as are the 
greater saphenous vein (GSV), the posterior arch vein (PAV), and the perforating veins (PV). 
A, Anatomy typically found in midcalf, with upper Cockett perforating veins crossing superficial 
posterior compartment. B, Anatomy of lower calf demonstrates a lower Cockett perforating 
vein that does not cross the superficial posterior compartment and therefore requires aparatibial 
fasciotomy (dashed line) for endoscopic exposure. Adapted from Iafrati MD, O'Donnell TF Jr. 
Subfascial dissection and perforating vein ablation. In: Gloviczki P, Bergan JJ, editors. Atlas of 
endoscopic perforator vein surgery. In press. 
administered before surgery. The leg is then posi- 
tioned with the lmee and ankle elevated on padded 
stands o that the lower leg is elevated and parallel to 
the table, allowing unencumbered movement of in- 
strument handles. Two incisions are placed in the 
upper calf outside the limit of lipodermatosclerosis. 
The first incision is placed 2 cm from the edge of the 
tibia and at least 10 cm distal to the tibial tuberosity. 
Small retractors are used to directly visualize the 
fascia, which is then incised. A dissecting balloon 
(General Surgical Innovations, Cupertino, Calif.) is 
then passed through this I cm fascial incision. The 
balloon is then distended with 200 to 300 ml of 
saline solution and removed, The leg is exsangui- 
nated with an esmarch bandage, and a pneumatic 
tourniquet isplaced on the thigh and inflated to 300 
mm Hg. A 10 mm port is then placed in the initial 
incision, and the subfascial tunnel is expanded and 
maintained with CO 2 insufflation to 15 mm Hg. A 
10 mm scope, either 0 ° or 30 °, provides excellent 
visualization and may aid in blunt dissection and 
retraction. A 5 mm port is then placed approximately 
5 cm lateral and distal to the first incision (Fig. 1). 
Connective tissue bridging the subfascial plane is 
taken down by blunt or sharp dissection with stan- 
dard laparoscopic dissectors and scissors. Reoperative 
planes and dissections beneath chronic ulcers require 
more sharp dissection, which is facilitated by early 
performance ofa fasciotomy and the use ofreticulat- 
ing scissors and dissectors (U.S. Surgical, Norwalk, 
Conn.). 
Although the midcalf perforating veins are easily 
visualized, pushed to the tibial side of the subfascial 
tunnel, the lower Cockett perforating veins are com- 
monly located only in the deep posterior compart- 
ment and thus require a paratibial fasciotomy for 
exposure (Fig. 2).11,1s The perforating veins are then 
clipped with a 5 mm endo-clip applier (Ethicon 
Endo-surgery, Cincinnati). Although division of the 
perforating veins is not mandatory, it often facilitates 
more distal dissection. After interruption of all perfo- 
rating veins, the tourniquet is released and the ports 
are removed. The incisions are closed and the leg 
wrapped with an ace bandage. All patients with 
greater saphenous vein incompetence undergo con- 
current ligation and stripping. If concomitant vein 
stripping is to be performed, the proximal and distal 
incisions for vein exposure are made before SEPS but 
the vein is not stripped until after the perforator 
ligation to allow prompt compression with the 
wraps. 
Patient follow-up included routine visits at 2 
weeks, 6 weeks, and then every 6 months. Additional 
visits were scheduled as needed for ulcer care. Physi- 
cal examination and duplex surveillance were used to 
detect residual perforating veins. All patients were 
instructed to continue wearing compression stock- 
ings for 3 months or until the ulcer is healed. Life- 
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Table I. Clinical data 
No. of Postoperative Postoperative Time Last 
Patient perforators Ancillary incompetent Clinical clinical to heal follow-up 
no, Preoperative CEAP grade interrupted procedures perforators outcome class (too) (mo) 
1 C6SESAS5,D14,PI8PR 7 0 2 C6S N/A  1 
2 C6SESAS2,3DI4P18P R 3 L+S 0 3 C5A 6 6 
3 C6SESAS4,D12,13,14P R 0 DVR 0 2 C5A 1 8 
4 C6SESAD15,P18 PR,O 8 0 2 C6S N/A 5 
5 C6SESAS1D12,13,14,15,16,P18 PR 5 3 2 C6S N/A 11 
6 C6SESAD15P18PR 5 7 I C6S N/A 8 
7 C6SESAS1,D 12,13,14,15,16,P 18 R 6 2 2 C6S N/A 11 
8 C6SESAS2,3,4,D14,P18 5 L+S 0 2 C6S N/A 3 
9 C6SESAS4,5,D6,7,11,12,13,14,P18 PR 12 0 2 C5S 1 4 
10 C6SEPAD14P18PR,013 4 0 3 C5A 6 18 
11 C6SESAS2,D I2,13,I4,P1 3 L+S 1 1 C5S 1 1 
12 C6SESAS5,P18 PR 1 0 2 C5S i l 
13 C6SESAS1,2,3,4,D 12,13,14,P18 PR 5 0 2 C5S 4 4 
14 C6SESAP18PR 3 0 3 C5A 3 14 
15 C5SESAS1,2,3,4,D11,13,14,15,16,P17,18 PR 2 L+S 0 2 C6S N/A 8 
16 C5SESAD6,11,12,13,14,P18 PR, O 1 0 3 C5A N/A 9 
17 C4SEPAS2,3,5,P17,I8 PR 6 L+S 0 3 CAA N/A 2 
18 C4SEPAS2,3,P18 PR 2 L+S 0 3 C4A N/A 5 
Residual incompetent perforating veins were identified by duplex scan. Venous insufficiency was determined by a combination of 
descending phlebography (reflux); duplex, valve closure time >1.0 second; and air plethysmography, venous filling index >2 seconds. 
Clinical outcomes: 3, excellent, ulcers healed and pain resolved; 2, improved, reduced ulcer size and less pain/swelling; 1, unchanged. 
L+ S, Ligation and stripping; DVR, deep venous reconstruction. 
time use of compression stockings is advocated for 
patients who have significant uncorrected eep ve- 
nous insufficiency. 
RESULTS 
SEPS was performed on 18 limbs in 15 patients. 
One patient underwent simultaneous bilateral SEPS, 
one patient underwent staged bilateral procedures, 
and one limb underwent reoperation for missed per- 
forating veins. Preoperative valuation identified a 
high incidence of both deep venous insufficiency (14 
of  18; 78%) and superficial venous insufficiency (9 of  
18; 50%). Six of nine intact greater saphenous ys- 
tems (67%) were found to be incompetent, whereas 
three of nine limbs (33%) with reported ligation or 
stripping demonstrated evidence of reflux. Superfi- 
cial reflux was treated at the time of  SEPS with flush 
ligation and stripping to below the knee when an 
incompetent saphenous vein was present. Deep ve- 
nous reconstruction was combined with SEPS in one 
patient who underwent an angioscopic vein valve 
repair and a venous segment transposition. 
Operative time for the SEPS portion of the oper- 
ation was compared by measuring tourniquet time, 
which averaged 57 minutes (range, 28 to 75 min- 
utes). There is a significant learning curve associated 
with this procedure, as noted by the decrease in 
tourniquet ime from 62 to 47 minutes per case 
when comparing the first five operations with the 
most recent five. On average, 4.3 perforating veins 
per limb (range, 0 to 12) were interrupted. 
The one patient who had no perforating veins 
identified at endoscopic exploration was also the only 
patient in whom duplex scanning failed to identify 
incompetent perforating veins before surgery. The 
patient had severe deep venous reflux but a normal 
greater saphenous vein. Preoperative imaging failed 
to demonstrate incompetent perforating veins, but 
there was a fascial defect on physical examination, 
which prompted SEPS. Subfascial exploration was 
performed as an adjunct o deep venous reconstruc- 
tion, which included an angioscopic valve repair as 
well as a transposition of the proximal greater saphe- 
nous vein to the superficial femoral vein. 
Follow-up ranged from 3 to 64 weeks (mean, 22 
weeks). Complete ulcer healing occurred in eight of 
14 initially ulcerated limbs (57%) at a mean of 14 
weeks (range, 2.5 to 25 weeks). Ulcer size had de- 
creased by at least 50% in four of  14 (29%) and was 
unchanged in two of 14 (14%). No patient had 
worsening of symptoms or ulceration after surgery, 
and no healed ulcers recurred uring follow-up. Ta- 
ble I summarizes the preoperative and postoperative 
status of each operated limb. None of the four limbs 
with residual perforating veins had complete heating 
of their ulcers. All four patients without active ulcers 
at the time of surgery reported improvement of their 
presenting symptoms of pain and swelling. 
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Hospital ength of stay averaged 1.3 days (range, 
0 to 8 days). Early in our experience, patients were 
routinely admitted overnight and three patients were 
kept in hospital while chronic anticoagularion with 
warfarin was reestablished. We have performed our 
last four operations on an outpatient basis , as is our 
current policy. The actual costs, not charges, for the 
operating room and other hospital use were $2570 
and $1141, respectively. These costs included the 
disposable clip applier, dissection balloon, and tro- 
cars (approximately $400). The patient with con- 
comitant deep venous reconstruction was excluded 
from this analysis because the majority of the operat- 
ing and hospitalization time was associated with the 
venous reconstruction and not SEPS. In 1994 three 
patients underwent limited-incision open ligation of 
perforating veins with operating room and additional 
hospitalization costs that averaged $1883 and $467. 
Postoperative complications included three mi- 
nor infections, one in the midthigh of a patient who 
underwent saphenous tripping and two at trocar 
sites. In each case the patients were treated with 
outpatient oral antibiotics. The incisions did not 
break down, and there were no further sequelae. One 
patient with a history of deep venous thrombosis was 
found to have a recurrence 3 weeks after surgery 
despite perioperative prophylaxis with heparin. Two 
patients noted transient medial calf numbness in the 
distribution of the saphenous nerve. Neither of these 
transient neuropathies were associated with saphe- 
nous stripping. 
DISCUSSION 
Many new procedures are currently available to 
vascular surgeons, including minimally invasive ap- 
proaches to the treatment of aortic aneurysms, pe- 
ripheral arterial disease, and venous insufficiency. As 
the endoscopic revolution sweeps across urgical spe- 
cialties, we find ourselves confronted by two ques- 
tions. First, what operations can be performed using 
endoscopic techniques? Second, what operations 
should be performed with endoscopic techniques? 
Although the quest to answer the first question is 
often more glamorous, it is the pursuit of the second 
question that aids clinicians in making rational treat- 
ment decisions. 
Although pioneering work by Homans, 3 Lin- 
ton, 4 Dodd and Cockett, 16 and others led to the 
development of effective surgical techniques for in- 
competent perforating vein ligation, these tech- 
niques are rarely used because of high wound com- 
plication rates and significant patient discomfort. 
Because the technical feasibility of SEPS has been 
established, TM we sought to establish the efficacy 
and cost of this new technique. We found that SEPS, 
when used as part of a comprehensive treatment plan 
for CVI, yielded good results in terms of ulcer heal- 
ing and symptom relief. Ulcers improved in 86% of 
limbs, with complete healing in eight of 14 limbs 
(57%). The four patients who did not have active 
ulceration at the time of operation all reported symp- 
tomatic improvement. There was no new or recur- 
rent ulcer formation during follow-up (mean, 5 
months). Residual incompetent perforating veins 
were identified after surgery in four patients. These 
patients all had large ulcers and severe lipodermato- 
sclerosis. The missed perforating veins were all lo- 
cated on the distal calf near the ulcer. In each case, 
visualization was limited in this right subfascial plane. 
These missed perforating veins seem to have been 
important because none of these limbs completely 
healed and two of the four showed no improvement 
after surgery. Based on these preliminary findings we 
consider treatment of all incompetent perforating 
veins to be the goal of therapy, hnproved instrumen- 
tation may enhance xposure in these difficult dissec- 
tions, but when the SEPS technique is inadequate 
either limited additional incisions or sclerotherapy 
should be considered. 
Despite the fact that we service a large referral 
population with CVI, the majority of our patients are 
managed quite well with conservative therapy em- 
phasizing compression, elevation, and good skin 
care. Saphenous tripping or ligation is commonly 
offered when saphenous reflux is noted, but currently 
only patients who have recurrent or refractory disease 
are considered for further surgical intervention. Al- 
though most of these patients have multilevel venous 
disease, we routinely approach the superficial and 
perforating venous systems first. Surgical ablation of 
incompetent superficial and perforating veins is easier 
than deep venous reconstruction, and recently these 
limited interventions have been noted to improve 
deep venous insufficiency without deep venous re- 
pair. ~7 This is in contrast o prior studies, in which 
ambulatory venous pressures did not significantly 
improve after correcting superficial and perforator 
d isease .  18 
Finally, no discussion of new technology can be 
considered complete today without mention of its 
financial impact. Comprehensive cost analysis i  com- 
plicated and should account for acute treatment ex- 
penses as well as outpatient care and treatment of 
complications and recurrent disease. The operating 
room and other hospitalization expenses associated 
with SEPS are higher than those associated with the 
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l imited-incision open operat ion - -S687 and $671 
greater, respectively. The increased operat ing room 
costs are a result o f  both longcr operat ing times and 
the use of  disposable instrumentation. These costs 
can be expected to decrease somewhat as operat ing 
t ime decreases with morc experience; however, dis- 
posable costs will not  likely be overcome. We do, 
however, expect other hospital expenses to dccrease 
significantly because the procedure is currently per- 
formed on an outpat ient  basis. These moderatc  
added treatment costs could easily be overcome by 
potential  savings associated with reduced wound 
complications, durable ulcer healing, fewer days out  
o f  work, and improved paticnt satisfaction. 
Because the morbid i ty  associated with the SEPS 
operat ion appears to be significantly less than that of  
open surgical alternatives, the indications for surgery 
may be changing. This apparent improved risk-ben- 
efit ratio o f  surgical intervention, combined with thc 
long-term expense and inconvenience o f  compres- 
sive therapy, may lead to perforator surgery being 
offered to paticnts earlier in the course o f  their dis- 
case. However ,  before the indications for surgery are 
relaxed, data on the cost, efficacy, and durabil ity o f  
nonoperat ivc versus operative intervention arc 
needed. Furthermore,  given the long-term nature o f  
CVI,  fol low-up for 5 years or morc will be necessary 
to adequately assess the durabil ity o f  this promising 
technique. 
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DISCUSSION 
Dr. F. Will iam Blaisdell (Sacramento, Calif.). I en- 
joyed the paper very much. One obvious question, how- 
ever, is why was the cost of the hospitalization so great, 
because in theory the value of endoscopic procedures i to 
lessen morbidity and shorten hospitalization times. 
Second, based on my experience, the number of per- 
forating veins that you found and operated on was rela- 
tively few. I perform an open operation using a posterior 
midline incision, and I can assure you that in almost all 
instances of legs that look like the one you showed us 
one will find 8 or 10 large perforating veins. Many of those 
are located along the posterior edge of the tibia and some 
in the lateral intermuscular septum, which I would think 
you would have difficulty getting with this technique. 
Mso, it is apparent that you have difficulty getting down 
to the ankle where some of the most significant perforat- 
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ing veins are located, and even in an open technique 
there is trouble with the dissection under the ulcer down 
in the low-ankle area. There just isn't any space there, so 
I would predict hat this is going to be a limiting factor 
in endoscopic interruption of perforating veins. 
Dr. Mark D. Iafrati. Thank you, Dr. Blaisdell. I can 
address those issues. 
The average length of stay was 1.3 days for our SEPS 
patients. That included three patients who stayed in the 
hospital for 3 or 4 days each to resume warfarin for chronic 
anticoagulation therapy, so they were outliers from the 
group, and it also included a bit of concern on our part 
when we initiated the technique keeping all the patients in 
routinely at least he night of surgery. Currently, it is done 
on an outpatient basis unless there are confounding fac- 
tors. 
In regard to the number of perforating veins, the 
number of perforating veins that we get has increased as 
our experience has increased. The paratibial fascia can be 
divided to give access to the deep posterior compartment, 
which is where most of the lower Cockett perforating veins 
live, and a number ofparatibial perforating veins further up 
can be identified in that plane, so we routinely do that now 
as well. The lateral perforating veins can be reached. On 
one occasion we had mapped out perforating veins laterally 
that just cotfld not be reached from a medial approach, and 
the instruments were reinserted in the lateral aspect of the 
leg to get there, but again these incisions were outside of 
the underprivileged tissues. 
Dr. Magruder C. Donaldson (Boston, Mass.). I 
think this technique is clearly going to be superior. The 
first time I saw a Linton flap was with Dr. Cutler helping 
Dr. Linton, and it was memorable. The biggest asset may 
be that it will enable us to perform surgery without having 
the ulcer healed ahead of time, avoiding a very time- 
consuming and expensive ordeal. Do you agree? 
Dr. Iafrati. Yes. 
Dr. Donaldson. In one procedure we performed, we 
succeeded inmoving the ulcer from the ankle to the scope 
port site, probably because of the tighmess of the seal that 
you need when you are insufflating with CO 2. You had two 
infections, and I wonder whether they were truly infections 
or simply infarctions of that area, and if so what might we 
do to help prevent such problems? 
The other thing that you mentioned was the dispos- 
able cost. You used a balloon device to open the subfascial 
space. Is the added cost related to the balloon really worth it? 
Dr. Iafrati. A few issues. To start with, the balloon 
accounts for more than half of that disposable cost. The 
whole question of whether it is worth it depends on how 
much your per-minute operating room charge is, because I 
think it definitely makes the operation faster by giving you 
your initial plane. If you recall that picture of the tunnel, 
pretty consistently the perforating veins are all pushed to 
the medial side or the tibia] side of that tunnel and it allows 
you to zero in pretty quickly, so we think that although we 
could certainly accomplish this without the balloon, we 
probably save 10 minutes per procedure, which is about a 
wash. 
With regard to the trocar site infections, I would agree 
with your assessment. They both had a little bit of skin- 
edge necrosis, which probably had something to do with 
the tightness of the seal. We make our skin incision about 
15 mm now, which allows the screw seal to go in pretty 
well, but we make our fascial incision very tight, and that is 
the way we get around that currently. 
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